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(54) SILICON SEMICONDUCTOR SUBSTRATE AND 
ITS MANUFACTURING METHOD 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a silicon 
semiconductor substrate made to have heavy metal 
gettering ability by causing oxygen precipitation 
through heat treatment in a device manufacturing 
process, with no crystal defects on its surface, and a 
superior device characteristic, and to provide a method 
of manufacturing the substrate. 

SOLUTION: This single-crystal silicon wafer is obtained 
by cutting a silicon- single crystal and contains 
nitrogen at a concentration of 3 1 x 1013/cm3, When an 
epitaxial layer is caused to deposit on the wafer, the 
occurrence of stacking faults (ring-like distributed 
stacking faults) is reduced to 20.5 defect/cm2 or 
dislocations (dislocation pit faults) over the whole 
surface of the wafer is reduced to 20.5 dislocation/cm2. 
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is u n >#iss# e>«j »j m l fc / y 3 * 

x;\tf)^®ic, xtf# 3f>>-Wl/?£{Cj: y t/"J 3>ig*SH, 
Jff (xtfJi) S^UTfcS>>y3>^ft^|ST*&o 
T, IWES/U 3>«efi9xv\©SR«K*U x l 013 
at o m s / c m3^Lh lXlO^atoms/c m 3 J^ 

{111"} !B±®»fl*JKt^SfflWi^» (U^^BMWIf 
^Ji^Pfe) *>\ xtfJfcfHCO. 5i/cm2«TT'*S 10 

*£#S/ U 3 >*Bft*»e>j»»J ffi LfeS/U 

® (xfcfjf) fc«LTfcS5/U3>49WWS«7?*o 
T, tWBS/'J ^^ffii^xArogiMUx l 013 
a t o m s / c mSj^Ul lX10l6 a toms/c m3j^ 

^x ^ > ymcwmzftz>m& omsmv h%m) 

t>\ xfJfctycO. SMS cm2&>TX'&2> ZLtZ*m 20 

msmis u n y m ufct/ y 

xA©<®fc, xtr-jf ^ji/jt&cfc y i> U 3 ^i^SH 
M (xtfjf) S^UT&£^y3>^fls^KT-&o 
T\ ^gg#ixi0l3atoms/cm3ohix 
10l6 a toms/c mS^TTfe »J , ;fro^x/v£ 
MtCjgo T, t>fX5 0n mJi*_LCD;tf-f FSBRtf 5X1 
0 5/ c mSj^j; 5 x 1 0 V c m^TX'$>^> is U 3 
agfi^xAffiaffitc, xfcr*^^-y;MSic«kyxt:ji& 30 
Jgft UT fcs 3 h S#$rh1-.£> */ U 3 
[ff**4] ^a^^^^r-SlCfeySStStlfe^ 

xyN<D^aic, xtf^^>>-v;i/?£icj; US^ =i>¥lgrA 
H (xbTjf) Si#»LT&£^y 3>^fl^T?;&o 
T, SSiffiKtf ixiol3 a toms/c m^&di 1 X 

10l6atoms/c m3£KTT$b V . 

BtcMoT, SSI /inHilJ:©K&;i/-^i x l o4 

/ c m3jSTF-e*5 J/ "J 3 xvvo^ffiic, x 

l^**^;b&lC«MJxfc?MS^LT&S;i£S#8fc 40 
is 0 n >4^#g>f&, 

5 ] ifrias/ y 3 >##tft *xA©iiaHSK# 

ixiol6 a toms/c mSj^O: 1X10 18 atom 

s / c m 3j^TT-*?>if i ~4 ©fan^ i mzwm 
(Dtsvnyimimfc. 

Clt*5(6] ii5:lX10l6atoms/cm3« 
±1. 5X1 0l9a t oms/cm3KT^=StSi/y 
=t>lBRS:JB^T, ?- a jr^ji/^HSlC J: »J, §|±i§ 
gSV [mm/mi n] , Bu&~ 1 3 5 CCanfOlSS 
J&Rffi:£|tO©¥*mg£JlSSG DC/mm] £ LfcB#, 50 
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S1£ig*n$£p [Qcm] 5:0. 5Qcm<p<30Qc 
m£~f&Wr&. V/G [mmVtmi n] SO. 13 
T'feU, ®K^5t^P [Qcm] SO. 0 Q cm< P S 
0. 5Qcmi:t^, V/G MAmin] 

«»c, K#jeii*ve>«»jaiLfe2/«j =j>#^ b b h «7X7N(Z) 
•ft * 3 1 z*mt 1-3 > y n >^{*M©sst* 

[ft#«7] gi^lX10l6atoms/cm3« 
±1. 5X10l9atoms/c m3OTMt 5 i> 'J 

fc s/ y 3 >#is^a^ e>« y tt b fe s/ u n >*ea f x/\ 
^^^^b'l±#ffl^fe•i>v^^i7Kll#H^-c- 1 1 o ota 

±T6 0«>J&LhJIWffifflLfc«tC, R^x/^igfcxe* 

=3p > ^ ;i/j£tc <£ y s/ y 3 >%L®;ikm zmtt s 3 1 s# 

[fflf*S8 3 ^lX10l6atoms/cm3« 
±1. 5X1 0l9a t oms/cm3OTtf tSi' 1 ; 
3>S6?R$:fflv%T. ^a^^^dp-S^iy. 5l±ii 
SSV [mm/mi n] , gt^~l 3 5 0°C*T'C0^ 

g rc/mm] i:Lfc^, 

S^SIgfil^Sp [Qcm] SO. 5£)cm<p<3 0fic 
mtir&WrS. V/G [mm2/°Cmin] ^0. 15 
T'fey, ««®m^P [Qcm] SO. 0Qcm< P S 
0. 5 Q cmiltSi^, V/G [mm2/°Cmin] 
^0. 3 6-e*5Jfettf, fltRS-ftfeS/'J 3>^g a B B ^ 

i: t * i/ y 3 >^^s«cDasi^& 

[ft*S9 3 i«5:lX10l6atoms/cm3« 
±1. 5X1 0l9 a t oms/cm3WTMt5i' , J 
n^HHR&ffl^T, ^a^^;i/Xdr-?Slcj:y, §|±ii 
SSV [mm/mi n] , St^.— l 3 5 O"C*T'0>*£H 
^^fi^l*]©¥±^ag-fe)@HSG rc/mm] ^Lfe^, 
S^gSJ5t^p [Qcm] SO. 5Qcm<p<30Qc 
mfct^ V/G [mmVtmin] SO. 10 
lr$>y, S«^i^P [Qcm] SO. 0Qcm<pS 
0. 5Qcmi:t5M V/G [mm2/°Cmin] 
SO. 30 T»»**frT, J&R3iifc ^> 'J 3 >«^S^ 

^yffibfcs/y 3>*^ B i , i'x/N(D*®ic, xtf*# 
t/^;i/SlC<}: y isV a 3 4: S#^it 
i:-r5> £/ y 3 >^E^S^©ISt^& 
[ft*3S i o ] taiBs/ y 3 yim&iz. .a ^tcj^s 1 

X10l 7 atoms/c m 3 J^Ub 1X10 19 atoms 

/ c m 3j^r^*-r sat 6 ~ 9 (Disstifr i ^icia« 
© 2/ y 3 >4^t«sa«cDtst^& 

[0 0 0 1] 



y#tsjc^n> fr^>mm XMtwtf. < t d d b mmz.m 
-r &%©-£&•£>„ 

[000 2] 

e>*is^ 3 * ^;i/^=5p-^c<k y > y a 

-4 XvS'ffiJlT&.S 9x^v*®tt?|fi^lC#fe*lS 0 Z. ©± 

[0 0 0 3] S£#, WSKfW^fflfflaHRfcLT, i> 
U 3>*BStfXA©±lc, xtr* dpj/-vMS»c «fc »J S> 
ya^SUEIDg (xfcfjg) S^Six^ 20 

U xtf^x/Mi, -£©§£§:/n-fc;x±7?l l 0 O'CJi* 
J:©ffiSSJR«SS«:i&&fctf>, r/t^^ntz« 
*f ffi^SB^ * < & »J , >f*j9Vl/ W¥&& is U a 

xy Mcifc^T^-S d otit, '©MH 
li, x£Jf^7niz*©i*!B»«SI*lc, ^©ft©7-* 

[0004] z\(D&o&^mmii.iz&&wmm&*& 
e> misnsff 8-2 5 0 5 0 6 ^^wc 30 

ft. ^XAa®(Cxtr«?:^3-B:fcxfcf^XA7!»^g 
StlTV^S. #BM¥9-1 9 9 5 0 7#4*3IT? 

& «je®*W9HCJ:y, «BJ:y«tS«5-tCS i0 2 

ffiffift&jfrjtfts^a-arfctac, xtrjgfifeRs-ttfextr 
aizx*T'^#fm^+^S3 y, ?v$vy?&mz 40 

[0 0 0 5] ZLtlil&S'JlC, ^|«ft7aS%«{lDbT«fffi 
1-1 8 9 4 9 3 ^4«WCl±, 1 X 1 0 13/ c m3 50 




#TI200 1-274 1 67 - 



jeudfifinufcs/y a>?x/Mcx^s&*i^f &zi£ 

v * 'J ^^IfffiJctfnfcx^xyN&iSBifS^t*^! 

^xArtic#&-t*j:e><i«»fln'>y a^ign^x 

J/Un>m B H fx;\©o s FMic^ij^ieM 
Stifextf»ffl*fc|Sa^WS35>«5S*U TDDB (Time 
Dependent Dielectric Breakdown : W^&mSM) # 

£©3fri£T?tiU xt^x/^LT^jltfrcH£&V\ 0 
[0 0 0 6] 

Ktdu xbTM*(aW-«ia©S/y n^SMSi&tfx/vDffiK 

^ xy \ fcfp y iit?i23l S. 
[0 0 0 7] *«Wl±, ttMfiftIS/U n^Wfx/N 

M©-y y f 'J > f Jl»"P*S i^ftJ/'Jn^ 

[0 0 0 8] 

x/McxtfSita&^oT, x-trstc^fiit-rstsft^Rs 

JpjeS^x/N©aftt)S3DfC9ESLfe. ^©^ xtf 

sea^Pfii*, xtrjf*^titF©siaRSn5/y3>«sa^ 

A*ffi(cKffi UT v ^ fc©*'!, x bf Jiic®? S 4iT7g|£ 
xKTJUBS^IifiOD^SrB&ih-r-SfcftfCli. (a) |g 

^iS§^fr©«iS^b(c j: y ^R^bn£/ y a >#u B B H ^x 

A©SS/J^|5i5:&<^ (b) xtr»*iatir©tMQ« 
T?^)8fe6nJ/y a>*BS^xyN©«/J^PBS:?|iaSai3: 
S, ^We>-O©^*^TfeSri:^!J0gL, Zti 

[0009] -r«Kb*), *mw&. (i) ^3^^;i/ 

fljymLfei/ya>^H^xy\©^®(C, xtT^dri/ 

^;i^sicj:ys/ya>#*Sfilf (xt:i) &i^bT^ 
S */ y a >^fl£»ST*fe oT, itiiHi/ 'J a >«ea 9 
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lACliilg^lx 1 Ol3a t oms/cm3RJ:l 
X l"0l6a t* oms/cm3j^TTfe»J, buS3^'J=i> 

0. 5<®/cm2^TTfei)3t$:#^[il-r-5>^U=l> 
^i*^S. (2) ^a^7;i/^^r-^CJ:USSt$ 

aSS^x/vo*®-. xtf * *S/-v;b66c J: y i/'Jnv 

10l3 a toms/c m3R_h 1X10 16 atoms/ 
c m3jSATT-& U , U 3 > ¥##«&<7)£® tCig 

ftPfe) 2>\ xfcTJfitHCO. 5«/cm2j£ilT^*Sii: 

&4«te*ss/U3>¥aWMHE. (3) ^a*v;u 

ss/ya ^ttst^oL 1 x 1 o is 

a t o m s / c mSjiUl lX10l6 a toms/c m3j^ 20 
TT'fey, ^o^^x/^HlctgoT, t^X5 0nm 
VAt&tfJ FggEtf 5 X 1 0 5/ c mSjiU: 5X107/ 
c m3£ATT'&5 U 3 >JP*g&?xvNffi*®K:, xtf 
# *r > ■* )imc J: y x tfjS L T * -5 3 £: t 
-TSi/U 3>im»fl®E, (4) ^3^^;i/X^r-S 

tc «fe y sst s nfcsajt^s y u 3 > j^sh^ e>« y a u 

feix'J 3>^|g B ^'i7X/N©^®lC, xtr#3f £/-v;i/?5&C 
J:y^'Jn>#|S B B H ® (xfcTJf) &ig«UTfc5S/y3 
>¥*tt»KT&oT, ^$S£# 1 X 1 0 13 a t o m 
s / c m3j^Jt lX10l6 a toms/c m3j^-fTfe 30 

y, froSttfx/^igfaBoT, tti ^m«±oee 
i x i o 4/ c m 3j^TT?&-g> s/ y =3 >#sea^ 
x/no^B(c, x *r*/-v;W£tc «fc y xtf«S:ifittb 
TfcS3fc&^fc*5S/y3>¥aM*3l«. (5) 

iWBs/ u 3 >#*ga^xA©KsRsss3t>< 1 x 1 o ie a t 

0 m s / c m 2 VAt Ixi0l8atoms/c m 3 JKTT* 

(1) ~ (4) OMtl^l^tCfBSc(D$/y=Ii/^ 
(6) ii?:lX10l6atoms/cm3 
Rill. 5xl0l9atoms/cm3gTttt5i' 

i£g&V [mm/mi n] , ®L*~1 3 5 O'C*-?©^ 
&&mSfc\»l<DWtimB&m*:G PC/mm] hbfc 
1% *IS3Sn*Pp [flcm] £0. 5Qcm<p<30 
Q cmtt^Sn, V/G [mm2/Cmin] gO. 

1 3T'fey, ffiSSfispp [Qcm] 5:0. 0Qcm< 
pSO. 5Qcmi:tl)t&, V/G [mmVCmi 

n] so. 3 i/VaymSSkttOAti 
; n©^® ic x tr # ap y -v ;bStc «fc y is y n >«SHJi 

£*fi«i-<s> z: t -rs ^> y 3 50 
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*fe (7) iiSlX10l6 a toms/cra3W 
±1. 5X1 0l9at oms/cm3^T^tSi' l J 

fcs/u 3>jwea*e>«y mbfes/y 3>#*g H s^xyN 

#HWbtt»HSSt*S«'^daMI»H«Tl 1 OOiCW 
±T6 0©eUJ«Ltt(:. gE^XAfiBfCxtf* 

^ s/-vr ;uj*tc j: y y 3 yms&m zmttz z t *.m 
at i-s s/ y a >¥aw*asig©S6§;fr& ( s ) gut 

&lxi0l6 a toms/c m3a_L 1 . 5 X 1 0 19 a 
t o m s / c mS^T^-r -5 'J 3 & fl§ V ^T, 
^3^5;i/^df-^icj:y, 5l±i£g$:V [mm/mi 
n] , BtS-l 3 5 0°C*T©fS B e Hfi5cSfS*[S]©¥l^a 
S^BB&G DC/mm] £LfeB#, S1S«m*P [fie 
m] &0. 5Qcm<p<3 0Qcmi:t5i^ > V/ 
G [mm2/Cmin] ^0. 1 5T?$>»J, SS^©^ 
p [Qcm] 5:0. 0Qcm<pS0. 5ficmi:f'5 
#^r, V/G [mmVCmin] SO. 3 6T'fe^ 

#t\ j&rs -ttfe > y 3 *>w y flj l fe is y 3 

>*aSa^xyNG>^Elc, x tr* if i/^;b^(c J: y £/ y 

3 >jpt$gi t«m- & - h -r s s/ y 3 

fla£!R®9!Bi*& (9) ^lXlOlSatom 
s / c m3^± 1. 5X10l9 a toms/c ra^llkT^ 

y, 5l±iiS$:V [mm/mi n] , St,* ~ 1 3 5 0°C 
^-erolSal^llt^l^WWiaK^iS^G [-C/mm] 
tLfeft »Efgfii*P [Qcm] 5:0. 5Qcm<p 
<3 0Qcmhtl)f^ 1 V/G [mmVtmin] 
SO. lOT'fey, Wffim^P [Qcm] 5:0. 0Q 
cm<pS0. 5Qcmit5t&- V/G [mmV 
train] SO. 3 0t^ffT. 

>#i§ii3^e>«j y Kbfci/'ja >#ig*^x/N(o*ig 
x ^ df s/-v ;^ic «t y */ y n > wg^jf &*f^|-r 

do) KrBBS/y3>iSBftjc, s&icjisft&ixi o 

l 7 atoms/c m3^_h lX10l9atoms/cm3 
OT^-TS (6) ~ (9) OWl*19(CB((®S"J 

[0 0 10] 

[»W©SQIS®^ffla xfcTJfifaMf&<0S6B«fmi:y*y* 

S:«Sn-r g*?aSi:LTtt, 1X1013 
a t oms/cm3jiA_h, «k UM* b<«2 X 1 0l3 a 
t o m s / c m$i>Xtim%-Z&Z>. mmg.tf 1 x 1 
0l3 a toms/c m3^7i©^. X fc° Jfii^CDgf 

mmmvmmtf 1 o«/ c n&mttezt^ v*j * y 

H ^fbL J f>-t<^Sfc«?). ^WRSLbKlil x 1 016 a t 
o m s / c m3MTtm^T*2bZ>o m^Sd^^X'^ 



(5) 



09RiiKi:GTl±, 1 X 1 Ol6 a t oms/cm 
3 £Lh, J:»J#*L<143X1 Ol6 a t oms/cm3j£il 
_btf3l?3T?*>S. £9RftRtf lX10l6atoms/c 
n&&l<Dm&& WC1 1 OOiCJ^T©?&We8lf& 10 
£*t£{gSCMOS:/D-fc;*©*§£rlCl OVcmS^i 

tit&QKBLbffltl X 1 Ol9a t oms/cm 
[0 0 11] ^StSsftlbfcCZ-S iHAlCtt. BfltC 

gt-r «k e> * 3 wmtz>xmm «?>f k«w. o s f« 
ft-rs. osFfi^jcii, j/U3>Jwsft«>x/\snfmn 

*SIbfei:£lC, StftStj&SStiftPfe (Oxidation induce 
d Stacking Fault : Jgjfco S F£fllS9 *^S*'TS«« 

»Aans««?*5. v/G#:*s<fcsfc, jK-yk- 

#V MI^^xa^WcjKHU 30 
£ffifc/£#SJ:e>lcfcS. OSFMi jK-fFHWfc 

[0012] r©*^&*H81IW*-*tJfflH»8DCZ- 
S i SBJi2>> 6« y HJ Ufe ^ 'J =i x/NfcxtfJf 

y>d^R^^fflW^RS4H5(fttr'y h*p§©2»^£ 

[0013] y y >w&tmxxm& m 2 ic^-r «t e> 
tc i/'J n> w H ^xAi:itfJi»?)i^iai 40 

^#t>*£ {ill} ®_hcD^-7-KJl^-MaS^Pfi-eS) 

y, (1 00) ?xAfcxtri£«:MTofc»£, xtn« 

m] £&§IEH#7£©#Kg£Ifc§= 3©y>y^#« 

©OxASr^ffiSftlfeiffflSrillCiy, -t©ffflK«:S? 

[0 0 14] MSLVyhttm** msizm-r^oiz, x 
t-JUf-ffiA"' <d x fc°Ji«lffi'M*tf5 -2Mb 5 v * 50 
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£©«Sf£fcr-y hfcPBMu X£°SifPfi&©?x 
^S*©**^^*fff^{WoT=MftffiS*i-r, xtf 

©IS. 3^x>yf>^©i-yf>^I [/ttm] xbf 
JfBU?T Urn] j:y^*<-rs. 

[0015] 'J > drtK#tf8«&H&# 0 . 5l/cm2 
LfcSte; M*.&Wfim&2 0mm2©7 ^ ;t-f^.^C^3V^ 

i o rtt6©^R&^#i$c#«-r«>m®^ 

fc*lfc£#H&rt:fcll-£?XAkfc, TKSta&JU 

[0016] ±mx.vfmm<DXM<z>y^mft<Dmi 

[0017] y>^^#»»^»*««^-rsl!g«li, 

xlfM±iWfu©^U 3>*eS9x/MCfi^T, O S F 
1E«©P>Sfll (-r&*5"b>KW K«RW»»J) T*&Z> Z.£tf£> 

s 0 a^r s/ y =3 >*is b b ^xa©^^ t u 

> ysKd^Wf ^Pft»* t ©fegBB^^I^IBlcii* Lt- 
Vxj\±WT*MX5 0 nmi^U:©4<-f W 
5X 1 05/cm3RJllC^oTV^«fce)^^x/v ^bL 
<tt, >K>f KfI^cA^xyNtf>yWciR*BU^bTL*o 
T^Sf x/McfeV^l4, xf®*6^©U 
«IW0. 5«/cm2j£tTK:«IAe>*lS3 4:*^ 
e>^t?5:ofeo Su#©J:e)^ «>xy^®Tf9->f 
X 5 0 n mJSJLhOjtf-f K^ffi^ 5 X 1 0 5/ c m3j^±(C 
fcoT^<&*x;\liO S FflltS^^xyN^HBWc^tcBfe 
^$ttfe : fo©-eS>.& 0 "*J->f X5 OnmfflW FftflEfl<0 
/ c m3jiUl 5 X 1 0 5/ c m 3*«Tf »S i O ft«*StC 
tt> y>^^«®^Wi*>0. 5{H/cm2®#8^i- 

^M/J^ft^mC^SMW^Pg*^ LT V ^ t»© t# 
x. e> ft5 . iMBSiLhlc jj?>f KA^# x ki°S^© 

df-f F©K^@zy, x t°jg© t d d b %m.msit-t 

£<DT\ ^ FW5 X 1 0 Vc mSj^TtCfflJ^TS 

[0 0 18] I5(at:v h^Pfi^^f xtfjf 
±t^M©t/U n^^Sea^x^cfev^TO S FM^cT-S) 
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®Jl- Zftf&&t Z>Z.£tfmi>frt.&-D fc. Z <DW^X 

yf&B£*vr^& im&V>%Z$Lt : 7^Z- (H. Takeno 10 
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